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Researchers have typically defined insight as a sudden new idea or understanding accompanied by an emotional feeling of Aha.
Recently, examples of negative insight in everyday creative problem solving have been identified. These are seen as sudden and
sickening moments of realisation experienced as an Uh-oh rather than Aha. However, such experiences have yet to be explored
from an experimental perspective. One barrier to doing so is that methods to elicit insight in the lab. are constrained to positive
insight. This study therefore aimed to develop a novel methodology that elicits both positive and negative insight solving, and
additionally provides the contrasting experiences of analytic search solving in the same controlled conditions. The game of Connect
4 was identified as having the potential to produce these experiences, with each move representing a solving episode (where best
to place the counter). Eighty participants played six games of Connect 4 against a computer and reported each move as being a
product of positive search, positive insight, negative search or negative insight. Phenomenological ratings were then collected to
provide validation of the experiences elicited. The results demonstrated that playing Connect 4 saw reporting of insight and
search experiences that were both positive and negative, with the majority of participants using all four solving types.
Phenomenological ratings suggest that these reported experiences were comparable to those elicited by existing laboratory
methods focused on positive insight. This establishes the potential for Connect 4 to be used in future problem solving research as a
reliable elicitation tool of insight and search experiences for both positive and negative solving. Furthermore, Connect 4 may be
seen to offer more true to life solving experiences than other paradigms where a series of problems are solved working towards
an overall superordinate goal rather than the presentation of stand-alone and un-related problems. Future work will need to look
to develop versions of Connect 4 with greater control in order to fully utilise this methodology for creative problem solving
research in experimental psychology and neuroscience contexts.
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Abstract  1 
Researchers have typically defined insight as a sudden new idea or understanding 2 
accompanied by an emotional feeling of Aha. Recently, examples of negative insight in 3 
everyday creative problem solving have been identified. These are seen as sudden and 4 
sickening moments of realisation experienced as an Uh-oh rather than Aha. However, such 5 
experiences have yet to be explored from an experimental perspective. One barrier to doing 6 
so is that methods to elicit insight in the lab. are constrained to positive insight. This study 7 
therefore aimed to develop a novel methodology that elicits both positive and negative insight 8 
solving, and additionally provides the contrasting experiences of analytic search solving in 9 
the same controlled conditions. The game of Connect 4 was identified as having the potential 10 
to produce these experiences, with each move representing a solving episode (where best to 11 
place the counter). Eighty participants played six games of Connect 4 against a computer and 12 
reported each move as being a product of positive search, positive insight, negative search or 13 
negative insight. Phenomenological ratings were then collected to provide validation of the 14 
experiences elicited. The results demonstrated that playing Connect 4 saw reporting of insight 15 
and search experiences that were both positive and negative, with the majority of participants 16 
using all four solving types. Phenomenological ratings suggest that these reported 17 
experiences were comparable to those elicited by existing laboratory methods focused on 18 
positive insight. This establishes the potential for Connect 4 to be used in future problem 19 
solving research as a reliable elicitation tool of insight and search experiences for both 20 
positive and negative solving. Furthermore, Connect 4 may be seen to offer more true to life 21 
solving experiences than other paradigms where a series of problems are solved working 22 
towards an overall superordinate goal rather than the presentation of stand-alone and un-23 
related problems. Future work will need to look to develop versions of Connect 4 with greater 24 
control in order to fully utilise this methodology for creative problem solving research in 25 
experimental psychology and neuroscience contexts. 26 
Keywords 27 
Creative problem solving; negative insight; Aha; Uh-oh; Connect 4 28 
  29 
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1 Introduction  30 
An insight moment is defined as a sudden new understanding, idea or solution 31 
accompanied by an emotional Aha experience (Jung-Beeman et al., 2008; Klein & Jarosz, 32 
2011). Insight has long been recognised as a desirable feature of creative problem solving, 33 
with many famous examples of discoveries in STEM (Science, Technology, Engineering and 34 
Mathematics) being attributed to it. Maryam Mirzakhani, winner of the Field’s medal 35 
demonstrates this when asked about mathematics, “the most rewarding part is the “Aha” 36 
moment, the excitement of discovery and enjoyment of understanding something new, the 37 
feeling of being on top of a hill, and having a clear view” (CMI, 2008, p. 12). A similar 38 
rewarding aspect to insight moments has recently been demonstrated by Friedlander and Fine 39 
(2016) whose Cryptic Crossword solving sample identified the Penny Dropping Moment (the 40 
Crossword solver community’s term for insight moments) as the main motivation for 41 
pursuing their hobby. In both these examples the insight experience is a positive one, 42 
something that can be seen as a tacit assumption in the historical approach to insight research 43 
(Gick & Lockhart, 1995). More recently however it has been proposed that insight moments 44 
might incorporate negative realisations, with an accompanying Uh-oh moment rather than the 45 
prototypical Aha (Hill & Kemp, 2016 also Hill & Kemp in preparation). This presents a 46 
problem for current methods that elicit insight for empirical exploration, which are only 47 
designed to produce positive solving experiences. Therefore the development of new methods 48 
that stimulate a full range of solving experiences is required to reflect and experimentally test 49 
these recent developments in the insight and creativity literature. As such this article 50 
describes a preliminary exploration of a new method to elicit experiences that incorporates 51 
both positive and negative insight and search solving. 52 
 53 
Contemporary research has begun to take a renewed interest in the phenomenology of 54 
insight with a varying focus on emotional experiences (Danek et al. 2014a; Jarman, 2014). 55 
Danek et al.’s (2014a) participants attempted to solve the puzzle of how a magician had 56 
performed different tricks and demonstrated that the resulting solutions arose through both 57 
insight and search strategies. In a novel step, after they had completed all the trials 58 
participants reported their experiences whilst solving the tricks through insight using a visual 59 
analogue scale to rate against various components. The components of these scales were 60 
identified by the researchers and verified through qualitative, open solving descriptions from 61 
the participants given before they offered the ratings. Ratings were made for the level of 62 
impasse participants experienced before their Aha moment; how pleasant, sudden and 63 
surprising solutions were and; how certain they were of the insight solutions they found.  64 
Pleasantness was the highest rated feature, with impasse being interpreted as least indicative 65 
of Aha solutions. However, as recognised by Danek et al. (2014a), no ratings were recorded 66 
for search solutions meaning it was not clear if the phenomenological features identified were 67 
unique to insight solving and separable from more general responses to solving problems. 68 
  69 
Webb et al. (2016) used the phenomenological rating scales developed by Danek et al. 70 
(2014a) across a variety of established tasks that elicit insight problem solving experience. 71 
Rather than use a dichotomous approach to labelling of solving experience (i.e. search or 72 
insight), their participants rated their feeling of Aha on a visual analogue scale (rating the 73 
feeling of Aha). They found that pleasantness was positively correlated with feelings of Aha 74 
and this effect was consistent across the different types of problem presented (classic insight, 75 
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classic non-insight and Compound Remote Associates [CRA]). Other features showed less 76 
consistency, notably impasse either showed no correlation or a negative correlation. These 77 
ratings were made on a trial-by-trial basis offering further support for the scales’ validity in 78 
capturing phenomenological components of insight. As such these studies provide 79 
converging evidence to support the importance of further exploration of the emotional 80 
component in insight using phenomenological ratings to do so 81 
 82 
Affective aspects of insight have been discussed historically, despite not being 83 
explored experimentally until recently. Gick and Lockhart (1995) raised the possibility that 84 
insight experiences may not be universally experienced as pleasant. They identified that some 85 
solutions might also be accompanied by chagrin, annoyance at the obviousness of the 86 
revelation they had previously missed. Hill and Kemp (2016) further explored the notion of 87 
negative aspects of insight in a qualitative study.  They recorded reports of everyday, sudden 88 
realisations that did not represent the positive Aha experiences attached to solving a problem. 89 
Instead they demonstrated that negative insights, experienced as Uh-oh moments served to 90 
identify problems rather than resolve them. A notable example of this is described by 91 
software entrepreneur and philanthropist Dame Stephanie ‘Steve’ Shirley when outlining the 92 
coding process. She describes how she often identified mistakes in her computer coding as 93 
sudden negative insights that occurred early in the morning as she awoke (Al-Khalili, 2015); 94 
negative insight served to alert her to problems previously unforeseen that she would then 95 
work to solve. This demonstrates a proposed adaptive function of negative insight (Kemp and 96 
Hill, in preparation), where identifying a problem has long been seen as an important element 97 
of problem solving (Csikszentmihalyi and Sawyer, 1995; Guildford, 1951; Runco & Chand, 98 
1995).  99 
However, whilst Hill and Kemp’s (2016) research demonstrates experience of negative 100 
insight in everyday context this was based on qualitative reports which leave a number of 101 
unanswered questions. There has been little exploration of how components of the insight 102 
moment that are considered emotional and cognitive are related. Topolinski and Reber (2010) 103 
asserted that emotional components are epiphenomena, occurring after the purely cognitive 104 
insight event. In such an account the negative flavour of some insights would result from 105 
subsequent appraisals, perhaps of disappointment or frustration. However, no experimental 106 
evidence has to date been provided to directly support this. Furthermore, examination of 107 
emotion literature highlights different theoretical perspectives that challenge the assumption 108 
that cognitive events necessarily precede an emotional evaluation. For example, Barrett’s 109 
(2014) Conceptual Act Theory contends that the separation of mental processes to cognitive 110 
and emotional is a false dichotomy arguing that both are outcomes of integrated constructed 111 
experience rather than one being a consequence of the other. It positions valenced core affect 112 
as central to mental events that are then constructed as cognitive, emotional or perceptual. By 113 
this account an insight moment would occur with intrinsic positive or negative core affect 114 
contingent on the insight context (whether the realisation was ‘good for me’ or ‘bad for me’ 115 
[Gross, 2015]). This study takes a first step to such experimental exploration through the 116 
development of a task that can provide insight moments that are both positive and negative. 117 
The types of task typically used to elicit insight were developed against the definition 118 
of insight which carries the tacit assumption that insight is positive and represents a solving 119 
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experience (for example see Cunningham et al., 2009; Gilhooly & Murphy, 2005; Salvi et al., 120 
2016; Webb et al., 2016). However, the phenomenological scales developed by Danek et al. 121 
(2014a) do include the potential to measure negative insight, as they range from very pleasant 122 
(scored 100) to very unpleasant (scored as 0). Yet in their original study, participants’ 123 
responses on average ranged in the positive half of the scale (well above 50), demonstrating 124 
that while the possibility to measure negative experiences is available, current paradigms do 125 
not elicit this full range of emotional insight responses. Webb et al.’s (2016) positive 126 
correlation suggests that as problems were solved with greater feeling of insight so were they 127 
generally rated more positively. However, any exceptions to this association could well be 128 
hidden by the overall trend. As such current tasks can be seen to offer limited opportunities to 129 
investigate negative insight moments that potentially occur at earlier stages of the problem 130 
solving process, for example representing sudden episodes of problem finding rather than 131 
solution finding. Therefore the full range of insight from negative to positive has yet to be 132 
fully explored through current experimental paradigms. 133 
 134 
Current methods offer the opportunity for isolated and convergent solving 135 
experiences, with the solving moment signifying the culmination of the trial. For complex 136 
real-life problems, solving rarely happens in a single insight or search episode. Fleck and 137 
Weisberg (2004; Weisberg, 2013) proposed a model of problem solving to explain a 138 
continuum from insight to analysis when finding a solution. Within the stages of this model 139 
examples of mini-solving episodes can be seen that move the solver closer to their overall 140 
superordinate goal and may offer a model that better maps to real-life solving. In fact the 141 
subordinate, mini-solving episodes in this model might be considered as a series of problem 142 
solving events leading to an ultimate overall goal. In this context, the potential for negative 143 
insight moments can be identified, when a solving attempt fails but new information arises 144 
suddenly as a result of the failure. These Uh-oh moments initiate new problem solving 145 
efforts, perhaps in a different direction that may move the individual closer to their overall 146 
goal.  147 
 148 
This illustrates that different levels of focus can be applied when considering problem 149 
solving, a point made by Perkins (2000) who identified a structure to break-through ideas 150 
common across different scales of problem solving. He outlined examples widening in scale 151 
from an individual’s idea in the moment (more everyday insight) to ‘great’ profound 152 
realisations resulting from a life’s work; for example Darwin’s development of the theory of 153 
evolution. In the extreme Perkins (2000) even proposed consideration of problem solving on 154 
an evolutionary timescale. Such an approach again highlights a disparity between the types of 155 
tasks currently used to explore insight problem solving in the lab. and more naturalistic, real-156 
life solving experience. Many current methods present discrete solving episodes that are 157 
unconnected to each other, whilst solving in everyday life often sees related solving episodes 158 
moving towards an overall goal.  159 
 160 
Table top games can be seen to mimic this, with a series of moves or turns working 161 
towards the overall goal of winning the game. Chess has been used by cognitive 162 
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psychologists to explore problem solving and decision making and incorporates positive and 163 
negative experiences as a player builds a winning position and identifies potential negative 164 
threats from their opponent (Charness, 1992; Chase & Simon, 1975; Gobet & Simon, 1996; 165 
Leone et al., 2017). However the need to learn the rules of chess and differing levels of player 166 
ability could introduce potential confounds when being used to explore problem solving 167 
behaviour. A similarly dyadic game to chess, but with even simpler rules is Connect 4. 168 
Players take turns to drop counters (each player has separate coloured counters) into a vertical 169 
grid, the standard version being seven positions wide and six counters deep. The counter falls 170 
to the lowest position, so the first to be dropped into a column will occupy the lowest row 171 
with subsequent counters sitting on top of each other. The winner of the game is the first to 172 
get four adjacent counters in a line; this can be horizontally, vertically or diagonally. In 173 
playing the game both search and non-search intuitive strategies (potentially insight) can be 174 
employed to select moves (Mańdziuk, 2012). These moves like chess may be positively 175 
focused towards building a winning position or responding to a negative realisation aimed at 176 
preventing an immediate loss. As such, Connect 4 would seem to be a candidate platform to 177 
elicit repeated episodes of positive and negative solving (selecting the best move) in the 178 
controlled environment of game play. These solutions being arrived at through analytic 179 
means or in an experience of insight congruent to those reported in other insight research (for 180 
example Danek et al., 2014; Bowden & Jung-Beeman et al. 2003a)  181 
 182 
Furthermore, Connect 4 with a maximum of 21 moves leading to a full grid and 183 
stalemate means that a game takes a much shorter time to play than for chess. Yet it retains 184 
the desirable features highlighted by researchers in problem solving and decision making of 185 
chess including turn-taking and competition leading to goal-oriented positive moves 186 
(solutions) and negative problem finding experiences. This would enable multiple, repeated 187 
solving experiences to be recorded within a relatively short participation period. Tasks that 188 
produce multiple within-participant comparisons over many trials are important, particularly 189 
for experimental approaches that incorporate physiological and neuroimaging data in the 190 
study of problem solving (Bowden & Jung-Beeman, 2003b; Hill & Kemp, in preparation; 191 
Shen and Yuan, 2016). Despite this potential, little research has focused on Connect 4. The 192 
few papers that do are from the field of Applied Computing exploring algorithms to compute 193 
the best moves to win (e.g. Allis, 1988) or to develop a learning-based computer system to 194 
play Connect 4 (Mańdziuk, 2012). Therefore, this study in addition to developing a novel 195 
methodology to elicit both positive and negative problem solving experiences further aims to 196 
explore the potential for development of computer-based Connect 4 paradigms for uses 197 
beyond Applied Computing contexts. 198 
 199 
The first aspect necessary in developing this novel problem solving task will be to 200 
check that the experiences elicited in participants carrying out the task are those identified as 201 
relevant to the research question of interest. So in this case it will be necessary to demonstrate 202 
that a full range of solving experiences: positive and negative episodes of both insight and 203 
search are consistently reported across a range of participants and trials. As seen in the 204 
development of other problem solving paradigms (for example the CRA or magic tricks) 205 
participants are given definitions for experiences they are then asked to report having 206 
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completed the task/problem (for example Danek et al., 2016; Jung-Beeman et al., 2004). A 207 
widely adopted definition given to help participants identify [positive] insight is that of Jung-208 
Beeman et al. (2004); 209 
A feeling of insight is a kind of ‘Aha!’ characterized by suddenness and 210 
obviousness. You may not be sure how you came up with the answer but are 211 
relatively confident that it is correct without having to mentally check it. It is as 212 
though the answer came into mind all at once-when you first thought of the word, 213 
you simply knew it was the answer. The feeling does not have to be 214 
overwhelming, but should resemble what was just described. 215 
 216 
More recently an adapted version of this definition incorporated explicit description the 217 
alternative to insight describing analytic search as stepwise experiences, furthermore using 218 
the analogy of sudden lightbulb switching on for insight compared to gradual dimming up for 219 
search (Danek et al., 2016; Danek and Wiley, 2017; Webb et al., 2016). Yet, these studies 220 
only focus on insight as a positive experience, so a definition for this study will need to 221 
differentiate between Aha and Uh-oh experiences. However, further extending the already 222 
quite wordy definitions of insight may be problematic. Emerging evidence from qualitative 223 
work by Hill and Kemp (in preparation) suggests that participants do not always pay attention 224 
to all aspects of the research definition of insight given. Qualitative responses were provided 225 
by participants some of which reported Uh-oh experiences that were responses to a 226 
surprising, negative external event. They appeared to ignore the given definition requiring 227 
their Uh-oh moment to be in relation to a new idea or understanding that is central to an 228 
insight moment. Furthermore, recent research has suggested that the Aha experience can be 229 
deconstructed into different dimensions and is separable from other aspects of insight solving 230 
such as solution generation (Danek and Wiley, 2017; Kizilirmak et al., 2016). For the purpose 231 
of verifying that Connect 4 elicits positive and negative experiences of insight and search 232 
solving the focus for this study is clearly on the experiential aspects of solving. Therefore the 233 
development of concise definitions should look to minimise the inclusion of material that 234 
may be distracting or less relevant and focus on the experiential components of insight and 235 
search solving. 236 
 237 
Danek and Wiley (2017) identified three key aspects important in the experience of 238 
insight; pleasure, certainty and suddenness. In addition they were able to demonstrate that 239 
elevated surprise ratings associated with false insight, when the participant experienced an 240 
insightful solution that was incorrect. In contrast the experience of relief was indicative of 241 
insight solutions that were correct. In Connect 4 however, each move whilst representing a 242 
solving episode, does not have a binary correct/ incorrect outcome. As such surprise and 243 
relief might be less useful in delineating solving experience in this context. Likewise, a 244 
feeling of certainty may also be problematic, as there is not such a concrete outcome to judge 245 
the efficacy of a move compared to the binary question of how certain someone is that their 246 
proposed solution (for example identified word in the CRA) is correct. Therefore a focus on 247 
the remaining aspects of suddenness and pleasure (termed more broadly as emotional valence 248 
to incorporate negative experience) will be used to develop working definitions for this 249 
paradigm. 250 
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This study therefore reports the implementation of a new domain of Connect 4 in 252 
problem solving research with the aim of eliciting positive and negative, insight and search 253 
experiences reliably in participants. It will further explore the validity of this method by using 254 
established scales (feelings of insight and phenomenological ratings) used in research 255 
paradigms that focus on positive insight and search solving to measure this experience. In 256 
addition, a behavioural measure (move time) will also be compared, as this has been shown 257 
to be a distinctive aspect in previous research; with insight moves being faster than search 258 
(Danek et al., 2014b; Kounios et al 2008; Subramaniam et al., 2009; Shen et al. 2015). As 259 
such a series of hypotheses are proposed to meet these aims. Firstly, there will be a difference 260 
in speed of moves reported for different types of solving, specifically insight moves will be 261 
faster than search. Moves labelled as positive insight and positive search will be rated as 262 
more pleasant than negative insight and search ones. Insight moves will be rated as more 263 
surprising and sudden than search. Finally, there will be no influence of solving type or 264 
valence on ratings of move certainty. 265 
2 Methods  266 
2.1 Participants 267 
Eighty participants (54 female) were recruited via advertisement within the University 268 
and local community. Participants were all over 18 years old (Mage = 30.63 years, SDage = 269 
12.64, range age 18-66 years), with a mixture of native English speakers and those with 270 
English as an additional language (n = 10). Some participants were repeat participants in a 271 
longitudinal study that compared solving performance across different tasks (reported 272 
elsewhere). In addition to the data reported here, additional physiological (heart rate and 273 
interoceptive heart beat counting task) and psychological measures (emotionality self-reports) 274 
were recorded (also reported elsewhere). 275 
 276 
2.2 Materials 277 
A commercially developed, computer-based version of Connect 4 was used (Connect 278 
Four Fun developed by TMSoft, tmsoft.com, copyright 2008-2016). The game has single and 279 
two player options, the former being used in this study. The ‘night’ theme was selected and 280 
used for all participants due to its relatively neutral background. In the multigame setting, the 281 
player who starts (human player or computer) is determined by the winner of the previous 282 
game which could potentially introduce confounds, therefore a single game setting was used 283 
meaning the human player [participant] always made the first move. The level of difficulty 284 
could be selected on a game by game basis choosing from: easy, medium, hard, pro and 285 
expert. These represented subjective labels for the difficulty of play determined by the 286 
algorithms of the game (not available to the researcher). This was not deemed to be 287 
problematic as participants were self-identifying the level to play. See below in Discussion 288 
for further evaluation of this. 289 
 290 
2.3 Measures 291 
2.3.1 Feeling of insight. Jung-Beeman et al. (2004) developed a forced choice response of 292 
either insight or non-insight. Participants made these self-reports after each problem solving 293 
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episode (in the original study’s case after each CRA puzzle was solved). This study adapted 294 
the self-report measure to additionally incorporate valance, creating four solving experiences 295 
as shown in table 1. Valence was differentiated in terms of motivations for the move, positive 296 
moves focused towards winning and negative moves avoiding losing. To distinguish between 297 
insight and search, the emotional descriptors of Aha and Uh-oh were used for insight along 298 
with the key idea that these occur suddenly. In contrast, search descriptions focused on 299 
gradually working out a move. The descriptions used were consistent with previous 300 
descriptions used to explore insight (see Hill & Kemp, 2016). ). A further option was 301 
included in line with Bowden and Jung-Beeman (2007) who enabled participants to choose 302 
‘other’ to ensure that participants were not forced to choose an experience that was not 303 
congruent to them. This option was labelled as neutral / or no reason. 304 
 305 
Table 1 Self-reported feeling of insight: Descriptions given to participants playing 306 
Connect 4. 307 
Solving type Description Cue available 
whilst playing 
Positive insight 
 
You suddenly have an idea for your 
next move or how to win 
 
Aha 
Positive search 
 
You work out your next move or how 
to win 
 
I've worked out a 
good move 
Negative insight 
 
You suddenly see a problem or that 
you are in danger of losing 
 
Uh-oh 
Negative search 
 
You work out a problem or that you 
are in danger of losing 
I've worked out 
there's a problem 
 308 
2.3.2 Phenomenological Self-Report Scales. Danek et al.’s (2014) phenomenological self-309 
report scales were used to measure self-reported ratings of pleasantness, surprise, suddenness 310 
and certainty of the different solution types. As detailed above this measure has been further 311 
validated in relation to an established range of insight problems by Webb et al. (2016). 312 
Impasse was not measured as participants were unlikely to experience this in the context of 313 
Connect 4 (as they would always be able to make a move and not looking for a single correct 314 
answer). Following the methodology of Danek et al. (2014) these were presented at the end 315 
of the study after all games of Connect 4 had been played. Each visual analogue scale (VAS) 316 
for phenomenological rating was presented one screen at a time in PsychoPy (Peirce, 2007; 317 
2008) using the default VAS settings that presented the rating line in the centre of the screen 318 
with labels for either end of the scale (see Table 2 for the labels for each rating scale) and 319 
prompt question above. The position marked on the line by the participant provided a score 320 
between 1 and 0. Ratings were presented in a random order in terms of both the different 321 
types of solving and rating being given. This method minimized the chance that participants 322 
were simply responding in relation to the definitions given (although does not exclude this 323 
possibility – see further in Discussion). First, as the reports were presented separately and 324 
randomized, participants’ attention was directed to the two specific aspects of each rating 325 
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being requested (the solving type and phenomenological aspect being rated) reducing the 326 
likelihood of comparisons between ratings for different solving types. Second, as no numbers 327 
were used in the reports participants gave, simply a position on a line this again made it 328 
harder for participants to make reports relative to their previous ratings given. 329 
Table 2 Questions asked of participants providing phenomenological ratings for the 330 
different solving types and labels for visual analogue scale. 331 
Phenomenological 
rating 
Question Label for extremes of VAS 
0                     1 
Pleasantness 
Please rate your positive insight 
experience: 
unpleasant 
 
pleasant 
 
Surprise 
Please rate your negative insight 
experience: 
not 
surprising 
surprising 
Suddeness 
The negative search idea came to 
me:  
slowly quickly 
Certainty 
I felt about the ideas I had through 
positive search: 
uncertain certain 
 Note: italic terms changed according to type of problem participants were rating: positive insight, positive search, negative 332 
insight or negative search. 333 
 334 
2.4 Procedure 335 
As highlighted in section 2.1 additional data (questionnaires and heart beat counting task) 336 
was collected  before playing Connect 4, and a second heart beat counting measure was taken 337 
directly after playing and before completing the phenomenological ratings, these are reported 338 
elsewhere. The game of Connect 4 was introduced to participants both verbally and with 339 
written instructions immediately prior to playing. It was described as a game played in pairs 340 
who take turns in dropping counters in a grid with the winner being the first to get four in a 341 
row. An illustration of a Connect 4 grid with a winning game was provided and the different 342 
ways to win (horizontal, vertical and diagonal [shown on picture] lines of four) were 343 
explained by the researcher. In addition the levels of difficulty that the game could be played 344 
at were outlined. Descriptions were then provided for the different types of solving 345 
experience in the context of playing Connect 4 (Table 1).  346 
 347 
Participants played a practice game set to the ‘easy’ level before selecting the difficulty 348 
level they wished to play their first block of three games. Participants indicated when they 349 
had chosen their move by pressing a button on a watch (Heart Rate monitor watch) recording 350 
the time of their move decision. Participants then verbally identified their selected move 351 
(each column was labelled with a number from one to seven) and their feeling of insight 352 
when making the move. They could indicate the four solving experiences identified in Table 353 
1 or select a neutral/ no reason option. Reminders of these were provided whilst they were 354 
playing the game. The researcher recorded the experience for each move before making the 355 
move indicated, this was to avoid participants having to switch between pressing buttons on 356 
the watch and operate the Connect 4 game via the mouse or keyboard. Whilst playing the 357 
cursor was visible on the screen, therefore the researcher left the cursor in the position of the 358 
last move made (i.e. over the column of the last move) to avoid cuing the participant in any 359 
way. The participant was positioned facing the screen with the reminder sheet in front of 360 
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them. They were seated next to the researcher, so no unintentional cues such as eye 361 
movement could be detected by the participant whilst playing the game. After three games 362 
the participant had the opportunity to stay of the same level of difficulty or to change. The 363 
last three games were then played following the same protocols. The outcome of each of the 364 
six games (win, lose or draw) was recorded by the researcher. 365 
 366 
2.5 Statistical Analysis 367 
As this study includes predictions for null hypotheses, for example in relation to 368 
certainty ratings, a Bayesian approach was taken to analysis as this enables direct testing of 369 
the fit of the data to the null (H0) compared to alternative hypothesis (H1) (Jarosz & Wiley, 370 
2014). Therefore Bayesian Repeated Measures Analysis of Variance (Bayes RM-ANOVAs) 371 
were conducted using JASP (JASP Team, 2017) to analyse main effects and interactions for 372 
solving type [independent grouping variable of insight versus search] and valence 373 
[independent grouping variable of positive versus negative] on the dependent variables of 374 
solution time and phenomenological ratings [pleasantness, surprise, certainty and 375 
suddenness]. As little previous research is available on which to produce informed priors, 376 
default priors were used with the null hypothesis assumed to have an effect size of zero while 377 
the alternative an effect size that was not zero (Rouder et al., 2009). Bayes factors are ratios 378 
that express the likelihood of alternative comparative to null hypothesis (or vice versa), they 379 
can be reported in terms of the evidence towards the alternative (BF10) or towards the null 380 
(BF01). Bayes factors of 1-3 represent weak or anecdotal evidence, between 3-10 as moderate, 381 
10-30 as strong and above 30 as very strong evidence towards the hypothesis indicated (i.e. 382 
BF10 or BF01) (Jeffreys, 1961; but for slightly different interpretation see Raftery, 1995). 383 
These interpretations have been adopted by researchers taking a Bayes approach within the 384 
field of experimental problem solving and insight (for overview of Bayesian approaches in 385 
the context of problem solving research see Jarosz and Wiley, 2014 and for an example of 386 
application of this analytical approach see Webb et al., 2016). 387 
 388 
2.6 Ethics 389 
This study was carried out in accordance with the recommendations from the 390 
University Science and Medicine Ethics Committee. All participants gave written informed 391 
consent in line with the guidelines from the British Psychological Society and in line with the 392 
Declaration of Helsinki. 393 
 394 
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3 Results 395 
Participants on average won 3.1 (SD = 1.46) of the six Connect 4 games they played. Figure 396 
1 shows the distribution of number of games won that approximates to being normally 397 
distributed. 398 
 399 
Figure 1. Frequency distribution of participant's wins in Connect 4 400 
3.1 Connect 4 frequency of solving types 401 
Of all moves made, 74% were active solving experiences (search or insight rather than moves 402 
identified as neutral / no reason). 22% of these moves were insight (11% positive and 11% 403 
negative) and 78% were search (62% positive and 16%). Table 3 shows the range of solving 404 
types reported by participants whilst playing Connect 4. Just under two thirds allocated 405 
moves to all four solving types (positive insight, positive search, negative insight and 406 
negative search) whilst over 90% experienced at least three.  407 
 408 
Table 3 Breakdown of participants' reported solving as positive insight (+i), positive 409 
search (+s), negative insight (-i) and negative search (-s). 410 
Reported Nos. of participants +i +s -i -s 
4 solving types 54      
3 solving types 19 6     
  1     
  5     
  7     
2 solving types 6 2     
  2     
  2     
1 solving type 1      
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One question of specific interest might be whether all negative insights were reported as a 412 
direct response to losing or an imminent loss of a game. Comparing negative insight 413 
reporting across all games played showed that roughly equal reporting of negative insight 414 
was seen for games that were subsequently won or drawn (41%) compared to lost (59%). 415 
Furthermore, only 14% of the total negative insight moves were for the last move in a game 416 
that was lost. 417 
 418 
3.2  Move times across different types of solving 419 
For nine participants timing data recorded on the watch was not available due to a recording 420 
fault with the equipment they were therefore excluded from analysis exploring move times. 421 
The overall mean time for a move across the remaining participants was 11.6s (SD = 4.4s). A 422 
repeated measures Bayesian ANOVA was conducted for participants who reported all four 423 
solving types (N = 45). Bayes factors (BF) were below 3 for all main effects of solving type 424 
(IV) and valence (IV) on move time (DV) and when comparing a null model incorporating 425 
the main effects to the interaction. As such this presents weak evidence of effects of solution 426 
type or valence of moves on the time taken to make them. 427 
 428 
3.3 Phenomenological self-reports 429 
For pleasantness ratings a repeated measures Bayesian ANOVA (IVs: Solving type 430 
and valence. DV: pleasantness) provided strong evidence of a main effect of valence (BF10 = 431 
5.77e+38) and moderate evidence of no main effect of solving type (BF01 = 6.88). Positive 432 
moves were rated as more pleasant than negative for both types of solving. On viewing the 433 
graph (Figure 2) presenting these findings it might appear that there was in interaction effect 434 
of solving type and valence, with insight moves rated as more positive and more negative 435 
than search. However by adding the main effects to a null model and comparing to one with 436 
interaction effects there was seen to be weak evidence towards either model (BF = 2.35). 437 
 438 
There was strong evidence (BF10 = 266.70) for a main effect of solving (IV) on 439 
surprise ratings (DV), with insight solutions being rated as more surprising than search for 440 
both positive and negative moves. There was moderate evidence of no main effect of valence 441 
(IV: BF01 = 3.36) or interaction effects (BF = 3.71 towards a null model including main 442 
effects compared to interaction effects) on surprise ratings.  443 
 444 
For suddenness (DV) there was strong evidence (BF10 = 527.77) for a main effect of solving 445 
(IV), with insight solutions reported as more sudden than search. There was moderate 446 
evidence towards a null effect of valence (IV: BF01 = 5.67) and towards no interaction effects 447 
(BF = 3.57 towards the null model incorporating main effects).  448 
 449 
For certainty ratings (DV) weak evidence was provided for all comparisons (main effects of 450 
IVs solving and valence, and interaction of the two: all BF’s < 2), meaning no conclusions 451 
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could be made regarding evidence towards the null or alternative hypothesis. Graphs with 452 
ratings for the four solving types for each phenomenological scale are shown in Figure 2. 453 
 454 
Figure 2. Mean phenomenological ratings for solving type (insight / search) and valence 455 
(positive / negative) for Pleasantness, Surprise, Certainty and Suddenness. Error bars = 456 
SE 457 
4 Discussion  458 
This study demonstrates that Connect 4 represents a naturalistic task that elicits 459 
insight and search problem solving experiences as a player make moves dropping counters 460 
into a grid, working towards the overall winning goal of getting four counters in a row. 461 
Importantly, it has demonstrated for the first time the elicitation of negative insight in a 462 
laboratory setting, meaning that validation of negative insight from an experimental 463 
perspective can be undertaken to compliment current research taking a qualitative approach 464 
(Hill & Kemp, 2016; in preparation). The full range of solving was experienced in the 465 
majority of participants, with over 90% experiencing at least three of the four solving types. 466 
As such the utility of Connect 4 to render multiple incidences of within participant 467 
comparisons of different solving is apparent that is particularly important for experimental 468 
approaches and those that incorporate neuroimaging and physiological approaches (Bowden 469 
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& Jung-Beeman, 2003b; Hill & Kemp, in preparation; Shen & Yuan, 2016). Varying 470 
proportions of insight to search are seen for different types of elicitation task. For CRA 471 
problems around half of solved trials lead to insight reports (e.g. Cranford and Moss, 2010; 472 
Jung-Beeman et al., 2004).  Magic tricks conversely gave a higher proportion of non-insight 473 
trials, ranging from 41% reported as insight by Danek et al., (2014) to 29% by Hedne, 474 
Norman and Metcalfe’s (2016). It can therefore be seen that different methods elicit insight 475 
and search solutions to different degrees. Connect 4 in this study showed a lower rate of 476 
insight solving than other methods. However whilst magic tricks and CRA paradigms 477 
provided solving experiences in under 60% of the trials ,74% of moves in Connect 4 provided 478 
reported solving experience. 479 
 480 
 Participants’ post-game phenomenological reports verified hypothesised 481 
characteristics of the experiences elicited whilst playing Connect 4 in line with previous 482 
research (Danek, 2014a, Webb et al., 2016), finding that positive search and insight were 483 
rated as more pleasant than negative search and insight. Furthermore showing that insight 484 
(both negative and positive) moves were experienced as more surprising and sudden. Finally, 485 
there was not sufficient evidence to support the alternative or null hypothesis exploring 486 
certainty ratings across solving and valence. As such this demonstrates that Connect 4 serves 487 
as a useful potential method to explore aspects experimentally across the full range of 488 
positive and negative insight and search solving as it performs in line with a range other 489 
insight elicitation methods that are limited to eliciting positive solving experiences. 490 
 491 
As discussed in the Introduction, Danek et al. (2014a) identified a limitation relating 492 
to their phenomenological ratings as participants did not provide ratings for non-insight, 493 
search solutions against which to compare. Subsequent papers however have tended to adopt 494 
the feeling of Aha or insight measured reported on a visual analogue scale (e.g. Webb et al.,  495 
2016) again meaning comparisons between phenomenological aspects of solving experienced 496 
as insight or search was not conducted. This paper therefore offers additional support, 497 
directly testing the predictions seen in previous literature relating to aspects of pleasantness, 498 
suddenness, surprise and certainty attached to insight compared to search solving. 499 
 500 
In terms of pleasantness, as hypothesised in this study positive insight and search 501 
solving were rated as more pleasant than negative solving. However, in previous literature it 502 
is suggested that positive emotions of happiness or pleasure were particularly associated with 503 
insight moments (Danek et al. 2014a, Shen et al., 2015). Danek et al.’s (2014a) participants, 504 
before providing the phenomenological ratings for their insight solutions also gave free 505 
reports describing their insight experiences. One of the resulting themes from this related 506 
specifically to emotional happiness, this was by far the most reported aspect relating to the 507 
insight experience. Shen et al., 2015 showed a direct comparison of happiness ratings (using 508 
different rating scales from Danek et al.’s [2014a]) for CRA insight and search solutions, 509 
showing that insight trials were rated higher for happiness than search. As such it might be 510 
predicted that positive insight would be rated as more pleasant than positive search. As little 511 
previous research has considered negative insight it is less easy to make predictions in 512 
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relation to this. As shown in Figure 2a, there is a pattern that suggests that positive insight 513 
might be seen as more pleasant than positive search, and negative insight be seen as more 514 
unpleasant then negative search solving. However, as highlighted by the accompanying 515 
Bayesian analysis, no definitive conclusion for or against this pattern can be reached from the 516 
current data. This is therefore something to further explore in future research. 517 
 518 
In addition to insight being more pleasant, insight solutions are also proposed to be 519 
more sudden. Connect 4 moves labelled as insight were rated as being more sudden than 520 
search for both positive and negative solving. Danek et al. (2014a) found suddenness to be 521 
less important in insight ratings than factors of pleasantness, surprise and certainty, but as 522 
previously mentioned did not directly compare ratings to those non-insight ratings. Shen et al. 523 
(2015) did not have a measure of suddenness but found that participants rated greater 524 
hesitation for search trials than insight, so greater hesitation would map to reduced feelings of 525 
suddenness, making this finding congruent to the current results. Corroborating behavioural 526 
findings to these perceived ratings can be seen from many early CRA studies that show faster 527 
responding for trials labelled as insight than search (e.g. Danek et al., 2014b; Kounios et al 528 
2008; Subramaniam et al., 2008; Shen et al. 2015 but also see critique of this by Cranford and 529 
Moss, 2010, 2011, 2012). One caution to this finding echoes that identified by Danek et al. 530 
(2014a) that suddenness formed a key part of the definition given to participants, so their 531 
ratings may simply reflect this rather than their experience of insight and search. Indeed, 532 
contrary to these self-reports there was insufficient evidence from behavioural measures of 533 
Connect 4 move speed (but see limitations below for further evaluation of this measure). 534 
Furthermore, Webb et al. (2016) highlighted that it is unclear if suddenness is an aspect of 535 
insight that generalises across problem types. Results here would again suggest further work 536 
be necessary to be confident regarding this aspect in relation to insight compared to search in 537 
Connect 4 solving. 538 
 539 
Previous research in the role of surprise in insight is even less clear. For example, 540 
Danek et al. (2014a) and Shen et al. (2015) found conflicting results in respect of surprise, 541 
with Shen et al. (2015) not finding that it featured in free responses participants gave in an 542 
exploratory study, whilst Danek et al. (2014a) found it was the second most important 543 
emotion after happiness. Likewise, Webb et al. (2016) demonstrated that feelings of Aha 544 
were more related to surprise than accuracy of the solution. This study again demonstrated 545 
congruent results, that insight solving was rated as more surprising than search for both 546 
positive and negative solving. Danek and Wiley (2017) suggested that surprise could further 547 
distinguish between true and false insight (where solutions were correct or incorrect), with 548 
higher surprise ratings for false insight. However, as identified in Connect 4, each move does 549 
not result in a dichotomous outcome that is either correct or incorrect, meaning such a 550 
relationship would be harder to quantify using the Connect 4 paradigm. 551 
 552 
The absence of clear right/wrong outcomes for Connect 4 moves was again reflected 553 
in the lack of support from the data in effects for certainty ratings. Future work using the 554 
Connect 4 paradigm might consider introducing an objective measure of quality of moves 555 
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that could be seen as comparable to correct/incorrect in other paradigms (e.g. Danek and 556 
Wiley, 2017). In the current study an overall marker of quality might be suggested in 557 
examining the number of games won. However, participants were able to self-select the level 558 
of difficulty they played at, meaning that the overall win rates of players were not 559 
comparable. Asking participants to play at set levels of difficulty would not make sense in 560 
terms of the aims of the study which was to elicit within participant solving experiences; if a 561 
level was too difficult or easy this would limit the solving that could take place. Figure 1 562 
demonstrates that participants were indeed selecting a level of play of appropriate challenge, 563 
as the approximate normal distribution of winning games with no ceiling or floor effects 564 
suggests participants were not playing at a level that was too easy or difficult. Furthermore, it 565 
is the within participant efficacy of each move relating to phenomenological experience that 566 
is of interest and therefore future research should look to develop such a measure of quality 567 
of moves similar to that seen in chess research (Sigman et al., 2010). However, such a 568 
measure would require firstly all the moves made to be recorded and compared to the options 569 
on the grid at each play point, something that was not possible using the commercial version 570 
of Connect 4 employed in this study. 571 
 572 
This highlights a current limitation of this paradigm which is the need for a better, 573 
more fit for purpose version of Connect 4 to be developed. In addition to not being able to 574 
measure and quantify move quality the commercial version used ran a game without breaks 575 
in play. This meant that data collected whilst playing had to be done verbally requiring the 576 
presence of a researcher. Furthermore, the move time data relied on button presses on a watch 577 
which incorporated participants’ responses to the type of solving, meaning the accuracy of 578 
these is questionable. This potentially introduced confounds (although precautions were taken 579 
to minimise the experimenter effects – see Method) and for the future complete automation of 580 
the task would be desirable. For example, this study took the approach introduced by Danek 581 
et al. (2014) of obtaining phenomenological ratings post task. More recent work has obtained 582 
these ratings for each trial of solving (see Danek & Wiley, 2017; Webb et al., 2016) which is 583 
preferable as it means the ratings are made close to the actual solving experience, minimising 584 
memory effects and likely confounding influences of definitions on ratings obtained. In order 585 
to do so with the current Connect 4 version would require interrupting each move in the game 586 
and switching to a different software or computer to collect this data; having a bespoke 587 
Connect 4 version would enable such data collection features to be incorporated. 588 
Furthermore, heart rate data collection (reported elsewhere) that took place whilst participants 589 
played Connect 4 was compromised. There were not long enough breaks between moves to 590 
adequately ascribe heart rate effects to individual solving experiences, again adding adequate 591 
time breaks between moves is something that could be built in to a bespoke Connect 4 592 
version. 593 
 594 
It could be questioned if the negative insights reported in this study are true instances 595 
of negative insight or the result of negative appraisals due to losing a game. As reported in 596 
section 3.1 negative insight was not only reported as a result of losing a game, with a small 597 
amount of the overall reported negative insight moves being the final move in a lost game. In 598 
fact just under half the reported negative insight moves were in winning games. This would 599 
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support that participants were reporting moves reflective of their experience of problem 600 
solving rather than in response to the outcome of a game (i.e. winning or losing). 601 
 602 
A further matter for discussion is whether the methods used in this study (and 603 
previous work in the field) simply represent circularity in relation to definitions given to 604 
participants producing corresponding phenomenological reports. However, the authors 605 
believe that several factors mitigate these concerns. Firstly, participants were not forced to 606 
choose one of the four solving types, but had the additional option of neutral / no reason. This 607 
means that if the solving descriptions given did not match participants’ experience they could 608 
indicate as such. Whilst some participants selected the no reason / neutral option for some 609 
moves, particularly early in the game (verbally for example many suggested that they always 610 
took the same first move) none exclusively selected it. This suggests the solving descriptions 611 
did map to genuine experience rather than representing a demand characteristic of a forced 612 
choice. Specifically addressing the possibility of phenomenological ratings representing 613 
demand characteristics reflecting definitions given. Firstly steps were taken to reduce this 614 
possibility (see section 2.3.2) in terms of limiting the comparisons participants could make in 615 
the ratings they provided. Furthermore, whilst definitions given did explicitly include 616 
descriptions of suddenness, they did not describe things in terms of pleasantness, surprise or 617 
certainty. Future research could further look to reduce the possibility of circularity in a 618 
number of ways. As highlighted above, a more advanced version of Connect 4 that enabled 619 
phenomenological ratings to be taken for each move made (at the time of the move rather 620 
than at the end of the study) should improve the quality of these reports. As discussed 621 
recently by Laukkonen and Tangen (2018) self-reports made as close to the solving 622 
experience as possible reduce the influence of confounds such those from memory reflecting 623 
earlier descriptions of experience given. In addition, the effect of giving definitions on 624 
subsequent phenomenological reports in problem solving paradigms could further be 625 
explored. 626 
 627 
In summary, this study represents a proof of concept for the utility of Connect 4 as a 628 
paradigm to elicit problem solving experiences across valence (positive to negative) and 629 
solving type (insight to search). This should enable further experimental investigation of 630 
problem solving that incorporates the recently described negative insight, contrasting this to 631 
positive insight and search-based solving. Future work is required to develop better computer 632 
hosted versions of the game that would enable the incorporation of bespoke features for 633 
research designs to: minimise confounding effects such as the presence of an experimenter; 634 
enable synchronisation with other equipment, for example fMRI or physiological recording 635 
and; enable within task data collection for instance as discussed above, phenomenological 636 
ratings for each move [trial]. 637 
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